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RATIONAL ADVISORY COMMITTEE JÖR AERONAUTICS 

TECHNICAL NOTE NO« 996 

NET HEAT OP COMBUSTION OP AN-y-28 AVIATION GASOLINES 

By R. S. Jessup and C. S. Cragoe 

SUMMARY 

Experimental data on the heats of combustion and hydro- 
gen contents of a number of aviation gasolin.es have been 
used in deriving a formula for computing net heat of combus- 
tion from (measured) gross heat of combustion.  This formula 
appears to be sufficiently reliable for the purpose and has 
the advantage of making hydrogen determinations unnecessary. 

The data on heats of combustion are presented in tabular 
form, and in graphs showing the relation between net heat of 
combustion and (1) hydrogen content,. (2-) aniline point., (3) 
API gravity, and (4) the product of aniline point and API 

*'      gravity. '•'''"*•. 

Data are given on the change in aniline point with time,- 
and also the chang« resulting from the addition of xylidine. 

INTRODUCTION 

The work covered'by this report was undertaken at the 
request of the National Advisory Committee for Aeronautics 
in order to determine a reliable method of estimating the 
net. heat of combustion (1) when the gross, heat of combustion 
is known, and (2) when the gross heat of combustion is not 
known. 

MATERIALS INVESTIGATED 

* . ''. '••---. 

The samples of gasoline originally investigated in con— 
;      nection with this project included 29 production samples of 
* AN—F-28 aviation gasolines submitted by individual refiners 
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at the ::e4vL8^st of the Petroleum Administration for War, an< 
two other sa'nples of experimental fuels which were widely 
used in cooperative te.sts. .Recent measurements of heat of 
combustion have also been" made on 26 other samples of 
AIT— F— 28 aviation gasol ines from -various refiners, and the 
data obtained on theöe. fuels are included in this report. 

The» producers of. the gasolines investigat.e-d, and the 
number of samples supplied' by each are l'ist'ed below. 

Producer islumber of samples0 

A-bercroü/bie & Harrison Oil Co.. . 1 
Atlantic Refining Co. 1 (l) 
Gulf Oil Corporation .2.(2).       .    . 
Humble O'il'ä Refining Co.   r ''„'„    2,' ;(1.) . '..•.. 
Lago Oil and Transport, Ltd.' ''.„^.''(S)..   •' . 
Magnolia Petroleum Co.. ' .,'.'" '4 (2)'. 
Phillips''Petroleum Co'.' in;"  " 1 (1) 
Richfield Oil Co. 3-.(l). 
Shell   Oil   Co-. ..••'••. .  '.'4   ,(4),.                               • 
So'cony   Vacuum   Oil   Oo. -4   (3)>                    •       '                           .-^ 
Standard   Oil   Co,   of'•'California . .2   (1) 
Standard  Oil   Co.' of * Indiana' : .' 2 -  ''              '                                            J 
Standard  Oil   Co.   of   Louisiana 4   (3) 
Standard  Oil   Co.   of—2Tev   Jersey   ., ^   . . ,    ,2   (2)                     ^ .-.-. 
Standard  Oil   Co.   of.'0hi6:   : ''     '"' 1"" , .'   .'    '.'l    (1)      „           '.. •'.. 
Sun   Oil   Co.            ••    *   i- •*      . ••   i-tr . . .    ^      3   (i)   ' " 
Texas   Co, 3 (2) 
Tidewater Association   Oil   Co , . .. ;   .   •. •  - 1 (l) 
Union   Oil:   Go.    '                             '"  *   "    '   ' 2 (l) 
White   Star  Refining  Co. 1 (l) 
Unspecified         . l„...,.       .,   «,..               •••.• 15 -U.)                                                .„......._ 

•The' numbeTS'in parentheses 'represent gasolines included 
in t-t-he? .original group of samples ' l"t o 31, inclusive (tables 1 
and  3)..;   -J   .•••:-• •  - '"   • ";"'  •••— 

DATA  AI7D  METHODS   01   TSST 

The   specific   gravity,   and   &istillat°i~o~n   data   on  the   31 * 
gaso\bi-neß_or i'ginally   investigated  are   given 'iii   table   1. • 
Table   2 :-givee  values   of   gravity,   aniline   po'i-nfc ,   hydrogen      '' . I 
content,  .observed  gross   and  net   heat   of   combustion  for   these"' 
gasolines,   values   of   net   heat   of   combustion   calculated  from ..,»._ 

k 
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a 'relation (squat ion (5)), derived .fron the results of the 
present work, -which expresses .net as -a ftmctiqn of observed 
gross heat of combustion, . and values of net. heat of combus— 
tion calculated from the relation between gi'oss and net heat 
of combustion give.n in specification A?.?—J—28, amendment 3. 
Table 3 gives value's-'6f gravity, aniline point, observed 
gross and calculated net'heat of combustion for the 26 
samples vhose hydrogen contents were not determined.  3ach 
value of gross heat of combustion given in tables 2 and 3 
is the mean of two determinations which usually agreed 
within less than 0.05 percent, although in a few cases the 
difference was as much as 0.1 percent. 

The aniline points were determined in accordance with 
A.S.T.H. Method D611—44T.  The carbon and hydrogen contents 
of gasolines 1 to 31 inclusive were both 'determined by com- 
bustion analysis.  Except as noted, the hydrogen, percent 
by weight, reported in table 2 is the mean value of percent 
hydrogen as determined from water formed in combustion, and 
99.8 minus percent carbon determined from C03, the value 
reported agreeing with these values in general to about 0.1 
or 0.2 percent hydrogen.  (The value 99.8 assumes 0.2 per- 
cent nonhydrocarboh present from 4 ml/gallon of tetraethyl 
lead.) 

S-' The bomb calorimeter and accessory apparatus, and the 
method of calculating results on gross heat of combustion 
have been described (reference 1).  Tvro different types of 
thin—walled glass bulbs, previously described (references 2 
and 3), were used to inclose the' gasoline samples to prevent 
loss by evaporation, so that the mass of sample burned could 
be accurately determined.  Ho significant difference was 

'found in the results, obtained'with -the two types.- of bulbs. 
The gross heat of•combustion at constant- volume • was measured 
at-about 30° 0.  In orde±. t,o' ..permit comparison of. the results 
with data on pure hydrocar.bon.s.'-, moa.t of which-are referred to 
25° C, the values of  Q, ; Cgr&s-s;) at 250 C, which.are given 
in table. 2, ware calculated"-from the observed values "of ~^0° C, 
'using the following valUe^s-'"'-6"£' sp'ecific heats: 

Gasoline .(liquid)    -' 01,' = 2.1 j/g deg C ..:•""';" 

- .   Oxygen (gas)..    . \ .-• < x'-Q-^: -  2.0 .82 ."«5 /mole deg 0; 
Carbon dioxide- (gas')i i 0^'= 28.0.8 j/mole deg C • 

Vater (liquid)  . ' ' \ ;' ;"C'' :=' 75'.S^ 'j/mole deg 0 
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The amounts of uatar formed in- combustion of gasolines 1 to 
31, inclusive, ware calculated from the values ,of .(percent H) 
given in table 2. lor. the remaining gasolines the values of 
(percent H) used were calculated from a relation- "between  Q 

(gross) and (percent H) derived from equations (l) and (4) T 
given later.  This relation'between Q^.   (gross) and (percent H) 
and the values of specific heats given above, have been- us«d 
to calculate values of the constant. A  in the relations 

Qtf (gross, 25° C) = Q  (gross, t°   C) + A(t-35) 

T^e.,v,al^es of A  calculated in this way are as follows 

QT (gross) 

• 3tu/lb Btu/(lb)(deg 0) 

19600 
.19800 
20000 
2Q200 
20,400 
20600 

1.12 
1.21 
1.30 
1.38 
1 .47 : 
1.5.5 

•TT'NXT   OF ,J£3AT 

The :calorimeter was calibrated ;el-ectr Ically and/checked 
•at intervals-by .burning standard samples of .benzole acid of 
.known heat of . combustion.  Thus, the energy equivalent, or 
effective» heat 'capacity, of the calorimeter, was evaluated 
in terms-of international joules (watt—seconds) per :degree 
centigrac.e.  The temperature rise of the calorimeter was 
measured with a platinum resistance thermometer." The weight 
in air of the gasoline burned was measured in grams.  The 
observed gross-heats of combustion were obtained in terms 
of international joules per gram weight' in air against brass 
weights.  For conversion to Bt-u/lb, use was made of the in- 
ternational steam table.calorie (IT cal) defined as 1 IT 
cal = 1/8S0 Internat ipnaL-watt-r-hour , and the relation 1 IT 
cal/g =1.8 Btu/lb." These two relations yield the convenient 
conversion factor 
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V 
8S0 5,   860 -}--r • 

1 int '*VJ—^- X 1.8.=0;43 Btu/lb 
g   3600 

ThusV "t;tCe uu.it of heat used in this report is 'the same unit 
used!';i.4; &11 modern steam tables, for example, reference 4. 

H3LA.TI0II S23T'7ÜB1T GROSS A HD 2I2T H2ATS OF COMBUST I01T 

In order to meet Specification AH—I1—28 a gasoline must 
have a net heat of combustion of at least 18700 Btu per 
pound. 'Amendment 3 of this Specification requires deter- 
mination' of heat of combustion by means of an "oxygen—bomb 
calorimeter" v/hich yields gross heat of combust ion "at con- 
stant volume  Q,T  (gross).  In order to obtain values of 
net heat of combustion at constant pressure  0,   (net) 

• P      . -   . 
from the- results of bomb—calor imetr ic measurements, it is 
necessary .to use a conversion relation, for example, with 
all   q,-«s  in Btu/lb. 

""•'•-••• i • 

Q,  (net) = Q,  (gross) -91.23 (percent H) ^(l)'" 

Values   of   heats   of   combustion   of   pure ^compounds   are 
usually  reported  as   gross   heats   of   combustion  at   constant 
pressure     Q        (gross)   at   25°   C.     Tor   comparison  vrifrh the 
data   on   gasolines,   values   of     Q_      (net)   for   pure   compounds 

«er 

were calculated from the reported values of  Q,   (gross) 
using the relation •'•—' 

'•' *~ :;" '**%•" '(net)' • q,  (gross) - 93.87* (perc-ent H)  (2) 

H^O , ,-and  on   the   proper tie," ft" of „\}atef ,. , T^s ing     Ha,=T 2.Ö16 
and  *I20   ae   18.016   for   mo leculq.r. .[weight's ,   and , the,, 'value 
1050 .4 Btu/lb , (ref erence\4)[ ''for   the   heat" of 'vapor izat ion 
6f"water   at   77°   T' (25°   C),   there   is   obtained:'    '"' 
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U?.l2i£ x   1050.4  o   9387 3tu/lb 
2.016 

of hydrogen for the heat of vaporization of the water formed 
in combustion.  Since the hydrogen content of the gasolines 
is expressed in percent by weight, the coefficient of (per- 
cent H) in equr/tion (2) becomes 93.87. "• 

Whan 0S  (gas) combines at constant pressure (or con- 
stant volume) vrith solid carbon, or with carbon in a solid 
or liquid compound, to form ,C02 (gas) there is practically 
no change in volume (or pressure).  When  0S  (gas) combines-' 
at cpnstant pressure with the hydrogen in a solid or liquid' 
compound, to form  Hs0  (liquid), there is a decrease in 
volume, and external work (*= pv/2)  is done on the system, 
where  pV  is the product of the pressure and the volume of 
the v/atsr formed if it is in the gaseous phase at the tem- 
perature to'which the reaction is referred.  The external 
work done in the constant pressure process is included in 
the heat of the reaction at constant pressure  Q   (gross) 
which is therefore greater than Qv  (gross)  by the thermal 
equivalent of the v;ork done  pV/2.- Using! the' values at 77° F 
given in reference 4, 

pV/2 = 2'9.53 Btu/lb of water 

—  x 39.53.=« 264 3tu/lb of hydrogen    , ; . 
2.016 -.-.--. 

From this it follows that 

•:•  •     •.-.-.•) . . ..,;.' 

a  (gross) = O  (gross) + 2,64 (percent H) (3) 
.    -P ... -. .    e: 

wher.e the  Q's  are expressed in Btu/lb.  Combining this 
relation with equation (2) yields the conversion relation 
(equation ,(1) ),  Equat ion .(.1): was used to calculate the 
"observed" values of  $p  (net) reported in table 2 for 
gasoline's 1 to 31 inclusive, from, the values of '*iv     (gross) 
and (percent H) given in the' table. , Equation (2) was used 
to calculate values of Q,       (net) from values of  Q   (gross) 
at 2P° C reported for pure hydrocarbons. 

_     'fc-?*i 
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.      '. COMPARISON: or sai SHUTS OF COIEBUSTIOIT 

OF GASOLIHSS AITD HYDROCAR3 0HS 

A comparison of data on gasolines and. hydrocarbons is 
shown graphically in figure 1.  The data on n—paraffins~" 
and iso—paraffins v;ere taken from references 2, 3, and 5. 
The points' in figure 1 designated as representing data on 
iso—paraf fins are for the 2,2—dimethyl isomers only, .since 
the data .for the other isomers all lie 'between those for 
the 2,2—dimethyl isomers and the corresponding n—paraffins. 
The data on aromatics and cyclics were obtained from re- 
cent unpublished measurements at the national Bureau of 
Standards and other laboratories.  The data on pure hydro- 
carbons are believed to be more accurate than the data on 
gasolines.  The straight line in figure 1 represents a 
reasonable mean relation between net heat of combustion and 
percent hydrogen.  A similar relation was pointed out by 
Jones and Starr (reference 6) who reported measured values 
for  Q,   (gross) and (percent H) on 19 gasolines.  Their 

results were converted to  CJ   (net) by means of relation 

(l), and the values obtained are plotted in figure 1. 

CALCULATION OF NST FROii GROSS H3AT 02 C0HBUSTI01T 

As shown in figure 1, the data on gasolines 1 to 31, 
inclusive, are in good accord with the data .on pure, hydro- 
carbons, and both sets of data indicate a fairly reliable 
linear relation, between  Q,   (net) in Btu/lb at 77° F  and 
(percent fi) , namely: 

Q,  (net) = 153G5 + 2.34 (percent H)      (4) - 

for gasolines composed essentially of hydrocarbons.  Com- 
bining this equation with the conversion relation for 77° F, 
previously given 

( -Q,p-.: (not) = Qv (gross) - 91,23 (percent H)     (l) 

gives 
'  0  (net) ="4310 + 0.~7195 Qy

: (gross)  r   (5) 
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which E.upplies a convenient method of—obtaining Q   (net) 

from a measured value of Q,        (gross). 

It may be noted front table 2 that values of  Q,   (net) 

calculated from equation (5) for the gasolines 1 to 31 
inclusive differ from the observed values by amounts ranging 
up to 0.2 percent, the average difference being a little 
loss than 0.1 percent.  The values of  Q  (net) givon in 

table 3 for gasolines 32 to 57, inclusive, were calculate 
from oquation (5), since hydrogen contents were not deter- 
mined for these gasolines.  The values of net heat of com- 
bustion given in trho last column of tables 2 and 3 were 
calculated from the equation givon in Spocif icat-ion AH"— 1—28 
(amondmont 3); namely, not Btu/lb = 4525 +• 0.7070 X gross 
Btu/lb. 

RELATIONS BETWEEN NET HEAT OF COMBUSTION, 

• API GRAVITY AND ANILINE POINT 

Tho values given in table 2 f-or  CJ   (not) calculated 

from equation (l), and values given in tablo 3 for  Q   (not)      ^ 

calculated from equation (5) are plotted in figures 2, 3, 
and 4, which indicate approximate linear relations between 
not heat of combustion and aniline point, API gravity, and 
the pr oduc t of aniline point and API gr-avity, respectively. 
It is obvious from the figures that API gravity is not so 
good a criterion for net heat of combustion as oithor 
anilino point-, or the product of aniline point and API 
gravity. : •      . . -  — 

The straight lines in figures 2 and 4 are represented 
by the following':o'quat ions which wore derived by the method 
of least squares; . :    ~r : ;. 

Q  (net) = 17727.7 + 8.494 (AnPt)        (6) 

0  (net) ~   17992.0 + 0.09839 (AnPt-Or)   (7) 

where  Q  -, (net) is the^net heat of combustion at constant \* 
pressure' in Btu/lb and (AnPt) and (AnPt—G-r ) are aniline     ^    . =s 
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point in degrees Fahrenheit, and the product of aniline point 
in degrees Fahrenheit and gravity in degrees API, respectively. 
The standard deviations of the measured heats of combustion 
from values calculated from equations (6) and (7) are 24.4 
and 23.8 Btu/lt>, respectively.  The respective correlation 
coefficients are 0.9657 and 0.9644.  Thus there is littlo 
reason to choose bot.woon the two criteria in the case of 
the data under discussion.  Howevor , as the gravities are 
not ordinarily determined as precisely as in the proseht" 
data, and as added error in this determination will increase 
the error of tho ostimated hoat of combustion, it appears 

•that tho aniline point is a somewhat more reliable criterion 
of tho net heat of combustion. 

According t-o oquation (6) an aniline point of 114.5  F 
corresponds to a net heat of combustion  ^  of 18700 Btu/lb. 

However, as is evident from figure 2 the actual heats of 
combustion do. not follow this relation exactly.  If it is 
desired that- there shall be only 1 chance in 10 of tho net 
hoat of combustion boing below 18700, thon the minimum 
aniline point must be set at 119° F; for 1 chance in 100 
tho aniline point must be set at 122° F.  According to equa- 
tion (7) an aniline—gravity product of 7200 corresponds to 
a not hoat of combustion  Qp  of 18700 Btu/lb,- and tho values 
7596 and 7821 for the product correspond to 1 chance in 10, 
and 1 chance in 100, respectively, that the not heat of com- 
bustion will be below 18700 Btu/lb. 

A chango-.of 5.0' Btu/lb in tho minimum acceptable net 
heat, of combusti-on requires a corresponding chango. of 5.89 
degroes Fahrenheit in the minimum aniline point, or a chango 
of 508 in tho aniline—gravity product. 

7alues of  Q   (net) calculated from equation (6) for 

integral values of aniline point fro'm '90  to 14*9° F are 
given in table 5.  Values of  Q   (net) calculated from 

equation (7) for integral values of the aniline—gravity 
product in the range 5000 to 10400 are given in table 6. 
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EFFECT   OF   NO 1THYDR0 CARBONS   OK  NET   HEAT 

OF   COMBUSTION 

Of   soHo   intorost   aro .t-he  following  approxinato   valuoa:" 

qp   (gross) 
Mat_orjlal —  

k   cal/molo 

(a) Pb(C3H5)4 
a1487 

(b) CsH43r2 
a282 

Ethyl  fluid13   

Qp   (not) Donsity 

Btu/lb g/ml 

7950 1.659  at   18°   C 

2500 2.178  at   20°   C 

5890 "1.85 

155 90 i                 | Xylidino 1108 

aValues   suppliod "by  Ethyl   Corporation 

' Assumod   to   consist   of   62  porcont    (a)   and  38 porcont    (b) 
"by  wo ig;ht . -- .  . 

Using   tho   valuo   0,72   g/ial  for   tho   density   of   gasolino,   and 
tho   values   of   density  and heat   of   combustion   given  above 
for    • PI) (C 3HB) 4»     C3H4Br2,     and   othyl'fluid,   it   has   "boon   cal- 

culated   that   tho   addition   of   the .amount   of   othyl   f-luid  oquiva— 
lont   to   4.6   raillilitors   of     Pb(CsH5)4     per   gallon   of   aixturo, 

lo^vor s.._tho   not   hoat- of   combust ion- of   gasolino   at   constant 
pressure,  "by  0.31   porcont,   and   that   tho  addition   of   xylidino 
lowers   tho   not   hoat   of   copbustion  by  0.17  porcont   for   oach 
1  porcDnt- by  woight   of   xylidino   add-od. 

EFFECT   OF   TIME AND   OF   THE ADDITION 

OF   XYLIDINE   01T ANILINE  POINTS 

After   tho   aniline   points   reported   in   table   2   had  boen 
measured,   the  National Bureau  of   Standards   was   requested  to 
determine   the   effect   on  aniline  poi-nt   of   the   addition   of 

•*—<*» 

^äess 
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xylidine to aviation fuels.  As about 6 weoks had olapsod 
since the original determinations of aniline points, now 
Hoasuroments wore made on saaplos of a number of the fuels. 
Host of the valuos obtainod wore found to differ from tho 
original values, as shown "by the data given in the third 
column of table 4.  Tho changes in aniline point in the 
6—woek period ranged from +0.4° to —1.1° j1 j the average 
change being —0.36° ]p .  One porcont xylidine was then 
added to oach of the samples, after which now measurements 
of anilino points wero made.  The effect of tho addition of 
1 percent xylidine, as shown by tho data in tho fifth column 
of table 4t  was a change in aniline point by amounts ranging 
from -0.9° to -1.6° T,   the average change being -1.19° P. 

Ten weeks after the original measurements of aniline 
points, now measurements,.wore made on samples of fuels 4 
and 7, to which no xylidine had been added previously. 
Three percent of xylidine was then added to each of those 
samples, and the measurements of aniline points were re- 
peated;  The results of these measurements, given in tho * 
fourth*and sixth columns of table 4, show that the changes 
in aniline point for fuels 4 and 7 in a period of 10 weoks 
wore —0.6° and "1.2° F, respectively, and that the addition 
of 3 percent xylidino rosultod in changes of —4° ' and — 3.1° 3P, 
respectively, for these two fuels.  No investigation wa,s 
made to determine whether the changes in aniline point with 
time wero duo to evaporation loss or to other causes. 

CONCLUDING- REMARKS ...... 

Values obtained for tho not heats of. combustion of 31 
aviation gasolines,'and values roportod in the literature 
for pure hydrocarbons aro reasonably well represented as a 
function of hydrogen,content by moans of tho linear equation 

q  (not) = 15365 + 234 (percent H) Btu/lb 

When this equation is combined with tho relation connocting 
gross and not heat of combustion and hydrogen content, there 
is obtained tho relation - - 

Q,  (not) ~   4310 + 0.7195 Q  (gross) Btu/lb 
P v 
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which can bo used to calculate not fron measured gross 
hoat of conbustion whan tho hydrogon content is not known, 

Vr-luos obtained for .the not hoat of combustion of 57 
aviation gasolines wore f-ound to bo a linear function of 
oithor tho aniline point or tho ahilino point—gravity- 
product.  Those linear functions are shown graphically 
and by noans of tables. 

National Buroau of Standards, 
Washington, D. C, May 14, 1945. 
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Table 1. 

13 
Specific G-ravity and Distillation 
Data on 31 Gasolines 

Fuel 
No. 

3D. .&r. 
60/6o°F 

Dietillatioi 
%  eyapoj 

10       no 
i, °P at 
rated 

50    90 
End 
Point 

Loss 
% 

1 .7209 139 186 200 262 316 1.1 

2 .7135 1*3 190 205 263 324 1.1 

3 .7199 138 170 183 269 333 1.1 

4 .7101*. lH9 19* 205 2H5 351 1.0 

5 .7177 138 19* 211 268 350 1.3 

6 .7369 1*3. 202 219 284 343 0.9 

7 .7363 in-2 19* 211 281 33«5 1.2 

8 .709^ i4o 167 17* 271 33* 1.3 

9 .7203 l42 178 190 275 3*3 1.2 

10 .7157 143 182 195 263 333 1.2 

11 .7167 l42 171 182 286 33« 0.9 

12 • 7H4 13.6 170 184 276 3*3 1.0 

13 .7177 l40 172 192 279 329 1.0 

i4 .7268 151 202 213 280 33S 1.1 

15 .7214 137 1Ö7 207 274 330 1.2 

16 .7265 133 190 210 283 336 1.3 

17 .72^9 l48 201 212 " 274 3*3 1.1 

18 .7099 142 193 211 264 353 1.1 

19 .7224 i*5 201 217 288 356 1.2 

20 .7285 l4i 202 220 287 3*8 .. 0.9 

21 .7213 139 192 208 287 348 I-2 

22 .7244 142 190 206 283 345 1.1 

23 .7253 136 188 208 282 33^ 0.8 

214- .7271 1*7 203 221 28* 33* 1.1 

25 .7221 l4o 200 215 284 340 1.2 

26 .7226 132 180 197 283 351 1.1 

27 .7321 13S 188 207 289 .34o 1.0 

28 • 7234 lU-2 180 196 282 333 1.1 

29 .7299 1*9 204 218 259 307 1.2 

30 .7079 1*1 17S 189 253 298 1.0 

31 .7416 lU-2 207 225 289 346 1.0 
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—Table 2.  Gravity, Aniline Point, Hydrogen Content, 
and Heat of Combustion of  31 Gasolines[_,_;__ 

Values of hydrogen content determined from velght of water formed 
on combustion. The sum of carbon and hydrogen percentages were 
98.9 and 93.7 for samples 9 and 16, respectively, whereas 99.7 was 
the average for the other samples. 
Qpjnet) calculated from equation (1) 

c Qp(net) oalpulated from equation (5) 
a Net heat of combustion calculated from the equation given In 

Specification AN-F-28, Amendment-3, namely 

;^; =   Net Btu/lb_- 1»525 + O.7070 x Gross B.tu/lb 

Fuel 
No. 

Gravity Aniline 
Point 

Aniline 
Gravity 
Product 

Hydro- 
gen 
Content 

" " — "              — •    —" ••— ———— 

Heat of Combustion 
Observed Calculated . 
Gross Net" Netc Neta 

•jjSL.":'. op« "»Fx»API %- Btu/lb Btu/lb Btu/lb BtuAb 

1 64.3 121.3 
136.4 

7360 14.3 20121 13771 18787 13751 
2 66.8 9112 

14^3 
1-5-7 

20250 13363 13380 13342 
1 65.I 

67.7 
123.« 
14S.5 

3059 
9913 

20152 
20395 
20254 

13302 
13963 

13309 
13984 

13772 
18944 

5 65.7 135.0 3370 15.1 
14.7 

13876 13883 13845 
6 6b. ,5 

60.-7- 
122.« 7^29 20077 I8736 18755 

I8637 
18719 
I86O3 7 103.3 6574 

8942 
14.3 19913 13603 

3 68,1.0" I3I.5 If. 9 20247 13388 18873 13340 
9 §5.0 127.2 3263 14.9 « 20191 

20241 
13832 13337 13800 

10 66.2 132.8 3791 15.2 
14.3 

13854. 
18341 

18373 
13337 
13842 

I8835 
11 §5*9 

§7*4 
65« 7 

126.1 3310 20191 18300 
12 130.6 

ffl 
15.0 
14.9 

20197 
2OI76 

18329 
.18311 

13804 

a I27.O 13822 13735 
63,2 132.3 3361 14.7 

14.6 
20191 
20049 

18850 18337 13300 
15 120.0 7752 18717 

13704 
18735 
13699 

18700 
18664 16 63^3 115.2 729,2 14.2 a 19999 

17 63.SS I27.3 3154 
9643 

14.7 20171 13330 
18941 

13323 18736 
18 67.3 

64.4 
142.3 
127.4 

15.5 20355 18955 13916 'S 
19 3205 15.O 

14.3 
20171 18303 13323 18736 

20 62.7 119.7_ 7505 20093 
20145 

18788 13767 18731 
21 64.7 127.2 3230 14.6 I88I3 18304 18768 f> 
22 §3.3 _ 119.3 76H 1^.5 20052 13729 

13674 
13769 
18794 

13737 13702 
1*963 
I8694 U 63.6 

63.1 
115.2 
121.6 m 1,4.5 

l4.6 mi 13693 
I8729 

25 64.5 120.9 7793 1JK7 20135 13797 13760 
26 
27 

6Sl 61.3 
120.9 
113.0 277> 6933 ^•5 l4.6- 

20033 
19999 

13760 
IS667 
13764 

18760 
18699 

13724 
18664 

2« 64.1 127.0 ' 3141 14.6 20096 13769 13733 
29 62. jf 113.2 I2Z6 

952g 
14.8 20053 

20316 
18708 
13920 

13742 
I8927 

13706 
13833 30 63.4 139.3 15.3 

31 59.3 102.9 6102 14.0 19835 18558 18531 13548 

eg. 
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Table 3.  Gravity, Aniline Point and Heat of 
Combustion of 26 Gasolines 

Fuel 
No. 

Gravity Aniline 
Point 

Aniline- 
Gravity 

Heat of Combustion 
Observed Calculated Calculated 
Gross Net * Net L 

Product 
°API op °Fx°API Btu/lb Btu/lb Btu/lb 

32 m 111.9 7016 19936 13690 13655 

11 116.1 7361 19944 13660 13625 
63.6 109.9 6990 19990 ' 13693 13653 

35 66.0 123.9 «507 20162 13317 13730 
36 
37 64.2 

118.0 
120. 4 

20027 
20086 

13720 
13762 

13634 
13726 

32 63.9 120.7 
100.4 6014 

20049 13735 ' 12700 

3 59.9 19S43 135(37 1355^ 
63.6 121. g 7746 20067 1374g 12712 

4-1 0.9 131.2 S646 20133 
2OO54 

13332 13794 
14-2 §3.9 

6I.3 
116.2 7425 

073? 
13739 
1366? 

13703 

IS 109.8 I9954 13652 
66.2 126.5 «374 20159 

20014 
13315 13777 

12675 ?5 63.2 113.5 7173 13710 
46 65.I 127.2 £231 2017g 13323 18791 
P* 61.3 111.2 6317 199&0 13671 13637 
4g 62.1 109.9 6825 19916 

19949 
13654 18620 

49 61.2 110.1 673« 13663 13629 
50 60.6 105.1 6369 19912 13637 I8603 
51 S:l 122.2 7906 20035 13761 18725 
52 108.1 6637 • 19933 IS652 13613 

U 63.0 111.9 7050 19976 13633 
13670 

18643 
62.5 110. g 6925 1995? 

19964 
18636 
18640 55 62.7 111.4 P 13674 

56 61.1 106.0 19930 13635 18651 
57 60.9 101.1 6157 19352 13597 lg565 

a 
Op(net) calculated from equation (5) 

°  Net heat of combustion calculated from the equation given 
in Specification AN-F-23, Amendment 3, namely 

Net Btu/lb = 4525 + O.7070 Grose Btu/lb 
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Table  K'    Effect of Time and of the Addition of Xylidine" 
on the.Aniline Points of. Gasoline 8.,... 

"-Initial 

Fuel No. 
Aniline 
;Point, °F 

Change with time,   deg. F Change with Addition 
of Xylidine.   de^.F 

6 weeks 10 weeks 1 percent 3 percent 

2 :i36A 0.0 -l.H- 

I 123. g .0 -  .9 
. 1^6.5 -   .2 -0.6 -1.6 -K-. 

5 135.0 -   A -l.it 
6 122. g + '.U- - .9 
7 lo$.3 -   .7 -1.2 - •? -3.1 
& 131.5 - .9 -I.*- 
9 127.2 -l.l :U 10 132.S -   .2 

12 I30.6 +   .2 -1.3 

S 127.0 - .5 -l.l 
132.3 ::5- -l.l 

15 120.0 -l.l 
16 115.2 -l.l. -l.l 
17. 127.« -   .2 -1-? 
19 127. H- -   .2 -1.Ö- 
20 119.7 -   .5 -l.l 
21 127; 2 -   .2 / -1.1 
22 119.3 •P -l.l 

U 115.9 - A 
ii:2 121.6 .0 

2% 120.9 - .U- -±l 26 120.9 -1.1 
27 113.0 .0 -l.l 
2g 127.0 - .5 - .9 
29 11Ü.2 - .5 -1.1 

Average change - .36 -.90 -1.19 -3.6 
•tv. iff ;-!«*l 

•..£_-- 

1 If.-iO 
•j-  v#J-c  

-••• W^ä3" 
• •»•sr.rr- : *r"r- •". ^ « 

!&*'"V'..-JI«|!«>WT... 
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Table 5«  Values of Q^net) for Various Values 
of the Aniline Point a 

17 

Aniline 
Point 
op 

Qp(net) 

Btu/lb 

Aniline 
Point 
op 

Op(net) 

Btu/lb 

Aniline 
Point 
op 

Q^Uet) 

Btu/lb 

9P 18&92 110 18662 13° - I8832 

91 18501 111 I8671 !3l l884o 

92 I8509 112 IS679 132 18849 

93 18518 113 ' 1&6&B 133 18857 

9* I8526 111*. I8696 13* 1.&666 

95 18535 115 I8705 135 18874 

96 105^3 116 1Ö713 136 I8883 

97 12552 117 18721 137 18891 

98 I8560 118 18730 138 18900 

99 18569 119 1873S 139 I8908 

100 12577 120 127^7 l4o 18917 

101 18586 121 18755 1J4-1 189 25 

102 18594 122 18764 14-2 18934 

103 I8603 123 18772 1H-3 18942 

104- 18611 12*»- I878I lW- 18951 

105 18620 125 187S9 145 18959 

106 18628 126 18798 146 189 68 

107 I8637 127 18806 14-7 18976 

log 186^5 128 18815 148 18985 

109 1865^ 129 I8823 11+-9 18993 
a Calculated from the equation 

<%>(net>« 17727.7 + 8.4-94- (An Pt) 
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of Qp(net) for various values of the 
point-gravity product a  __ 

9§ 
Table 6.  Values 

. aniline 
K 

Aniline 
Point- 

Qp(net) Aniline 
Point- 

Qp(ne-t) Anilin» 
Point- 

Qp(net) « 

Gravity 
Product 
0Fx°API Btu/lb 

Gravity 
Product 
°Fx°API Btu/lb- 

Gravity 
Product 
°Fx°API Btu/lb 

5000^7 13434 7OOO 13631 9000 13373 

5IÖ0:'•"- 13494 7100 13691' 9100 13337 

5200 >-. ;f 13504 7200 13700 9200 13397 

53001. 12513 7300 13710 9300 13907 

5Uoo. .1; 13523 74oo 13720 9400 13917 

5500. :;v 1*533 7500 13730 9500 13927 

5600i ii' 13543 7600 13740 96OO 13937 

5700 • 13553 7700 13750 9700 13946 

5^00 ;/ 13563 7300 13759 9300 13956 4 

5900 V 13573 7900 1S769 9900 13966 f 

6000  : :: 13532 3000 13779 10000 13976 

6100 13592 3100 13739 10100 13936 

6200 .^ 13602 3200 13799 10200 13996 

6300  i^ 13612 3300 13309 IO3OO 19005 

64oo - 13622 3400 13313 10400 19015 

6500 iil: 13632 3500 13323 

6600 ;' 1364-1 3600 13333 

6700 • i 13651 3700 13343 

6soo .•••;> 13661 3300 13353 * 

6900 :r:. 13671 3900 13363 «F 

a Calculated from the equation Qn(net) 
(AnPt-Gx) 

17992.0 + 0.09339 
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